Abstract-This paper describes a study on RF attenuation path loss behavior in suburban coverage within Cyberjaya and Putrajaya areas, located in Selangor State in Malaysia. The objective of this study is to develop and optimize a path loss model based on the existing Hata path loss model and outdoor measurement using frequency range from 400 MHz to 1800 MHz. The optimized model had been used and validated at places within Putrajaya area to find the relative error in order to assess its performance. The values for modified empirical parameters of Hata model were developed and presented in this paper. From the simulation result, the optimized model is found to best fit into the base station located at Putrajaya with smaller mean relative error. The smaller mean error shows that the optimization has been done successfully and thus, this optimized model can be useful to telecommunication providers in Malaysia in order to improve their service for mobile user satisfaction.
INTRODUCTION
We are facing degradation of the mobile phone signal due to various obstacles between base station and mobile stations in suburban area. This problem must be addressed by Malaysia telecommunication providers in order to improve their service for user satisfaction where the competition is high in Malaysia. Thus, an accurate path loss model is useful to predict the signal strength at suburban area as well as to achieve a high quality of signal.
Path loss models are important for predicting coverage area, interference analysis, frequency assignments and cell parameters which are basic elements for network planning process in mobile radio systems. The propagation models can be divided into three types of models, namely the empirical models, semi-deterministic models and deterministic models. Empirical models are based on measurement data, statistical properties and few parameters. Examples of this model category will be Okumura model and Hata model. Semi-deterministic models are based on empirical models and deterministic aspects, examples being the Cost-231 and Walfish-Ikegami. Deterministic models on the other hand are site-specific, requires enormous number of geometry information about the city, computational effort and more accurate model.
The literature review shows that a lot of analytical and experimental works have been done for radio propagation in mobile environment by using measurement as in [1, 2] . There was study on propagation path loss in Malaysia environment [3] in sub-urban, jungle, open area and dense tree area and path loss exponent being compared with empirical model.
In this paper, Hata-model is selected for optimization using numerical analysis and simulation in Matlab since this model shows good performance compared to other models. The field measurement data was collected using suitable equipment for outdoor measurements and is then compared with the simulation results. Base stations (BTS) located at Cyberjaya and Purtajaya are used for this study. The base station's information such as transmit/receive frequency and antenna height are obtained from MCMC (Malaysian Communications and Multimedia Commission) for analysis purposes.
RADIO PROPAGATION PATH LOSS MODEL
Path loss refers to electromagnetic wave attenuation between transmitter and receiver in the communication system. Path loss might be due to effects such as diffraction, refraction, reflection, free space loss, coupling loss and absorption between Cyberjaya and Putrajaya.
Empirical Hata Model
Hata model is the most popular model that extensively used in Europe and North America. The model developed by Y. Okumura and M. Hata [4] and is based on measurements in urban and suburban areas at Japan in 1968. Validity range of the model is frequency f c between 150 MHz and 1500 MHz, TX height h b between 30 and 200 m, RX height h m between 1 and 10 m and TX-RX distance r between 1 and 10 km.
Hata's Equation are classified into three models [5, 6] : For urban area divided into:
• For large cities:
• For small and medium-sized cities:
Cyberjaya is considered as a sub-urban area. Thus, the Hata Equation being used is as below: 
As like any other empirical propagation models, Hata model contains three basic elements [7, 8] :
• initial offset parameter,
• initial system design parameter,
• establish slope of the model curve. From Eq. (5), the initial offset parameter is fixed at:
From Eq. (5), the initial system design parameter may be expressed as:
The slope of model curve is a constant as expressed from Eq. (5) as follow:
Egli Model
The Egli Model is a terrain model for radio frequency propagation. Egli model was first introduced by John Egli in 1957 [9] . This prediction model is applicable at frequency from 40 MHz to 900 MHz and linking range is less than 60 km. It was derived from real-world data on UHF and VHF television transmissions in several large cities. It predicts the total path loss for a point-to-point link. Egli observed that there was a tendency for the median signal strength in a small area to follow an inverse fourth-power law with range from the transmitter, so the model is based on plane earth propagation. The formulas for the Egli's propagation loss prediction model are as below From the formulas, it is noted that this model predicts that the average signal strength will decrease with the distance at a rate of 40 dB/decade. The decrement rate is not depending on the effective height of the radio base station antenna or other factors if all theses factors remain the same throughout the whole distance of measurement.
Cost 231 (Walfisch and Ikegami) Model
This empirical model is a combination of the models from J. Walfisch and F. Ikegami. It was further developed by the COST 231 project. It is now called Empirical COST-Walfisch-Ikegami Model. The frequency ranges from 800 MHz to 2000 MHz. This model is used primarily in Europe for the GSM1900 system [11, 12] .
Path Loss,
where L f = free-space loss L rts = rooftop-to-street diffraction and scatter loss L ms = multiscreen loss Free space loss is given as
The rooftop-to-street diffraction and scatter loss is given as
With w = width of the roads Orientation Loss
The multiscreen loss is given as
With 
BASE STATION DATA
Base station information is provided by MCMC [13] as shown in Table 1 with base station location in longitude, latitude, antenna height, transmit frequency, receive frequency, equivalent isotropically radiated power (EIRP), bearing and base station name. Table 1 depicted the spectrum allocation for mobile services in Malaysia. The base stations chosen for this study ranges from frequency 460 MHz, 800 MHz, 900 MHz and 1800 MHz. Table 1 . Spectrum allocation in Malaysia [13] . Table 2 . Selected base station information [13] . Table 2 depicts the base station information at Putrajaya and Cyberjaya. The frequency ranges used are from 400 MHz to 1800 MHz; covering CDMA, GSM900 and GSM1900 technologies.
MEASUREMENT DATA
The data collection tool consists of test phone, Global Positioning System Receiver Set (GPS system) and a laptop equipped with ZXPOS CNT1 and CNA7 software. ZXPOS CNT1 is the professional foreground test software for communication networks. It can collect and display various types of network data in real time and provide users to learn the network performance and diagnose existing problems in short time.
The measured data was collected with six different routes for selected base station 2, 3 and 4 as shown in Figure 1 . Field strength due to the base stations are examined as in Figure 2 , Figure 3 and Figure 4 .
Received power for BS 2 with frequency 462.975 MHz is better compare with BS 3 and BS 4 as in Figure 2 . Due to building obstacles more than 3 km from base station, the received power is not stable and fluctuated. The received power is poor when the frequency is higher as in Figure 4 with frequency is 1855.4 MHz. In Figure 5 to Figure 7 , the measurement data is examined with other known model such as Egli, COST-231 and Hata. The measurement data are more close to the Hata model. Other models are over estimate the path loss for suburban environment in Malaysia. Figure 8 shows the optimization process to optimize the Hata propagation model. The measurement data collected as stated in session 4. Optimization process was obtained by using least square method. The optimized model will be validated based on Putrajaya, Malaysia since the environment is similar with Cyberjaya. Statistical analysis such as relative error, standard deviation and variance were used to compare between the optimized model and other known models.
OPTIMIZATION PROCESS

Optimization into the Model
For the optimization into the Hata model, initial system design parameter E sys as in Eq. (7) and slope parameter β sys in Eq. (8) are considered. In this project, is proposed a new appropriate tool in optimizing to fit the measurement data with Hata model. The condition of a best fit of the theoretical model curve with a given set of experiment data would be met if the function of sum of deviation squares is minimum:
where: 
Both factors a and b are constant for a given set of measurements. The solution of Eq. (16) may be expressed:
By re-positioning of elements in Eq. (20) would provide the following expression:
By substituting the variable a and b into the Eq. (21), this would give the statistical estimates of parameters a and b: Table 3 . From Table 3 , for higher frequencies, the initial parameter, E o and β sys will increase. 
Simulation Result and Discussion
The optimized modal was validated for other base stations in Cyberjaya and Putrajaya and shown in Figure 9 . It is shown that all the base stations are almost fit into the optimized model. Thus the optimized model is successfully developed with proper optimized procedure. The optimized model best fit into BS 3. BS 2 in 462.9 MHz resulting the lower path loss while BS 4 and BS 5 resulting high path loss in Hata-model.
The optimized model is also validated at different locations within Putrajaya in order to see the correctness of the optimized model as shown in Figure 10 . From these results, it is shown that the optimized model does show a good agreement for all the base stations compared with Hata model. The performance of this optimized model is investigated using error analysis.
Relative errors had been calculated in order to see the performance of the model; using Eq. (24) as below [16]:
where V = Empirical Path Loss (dB), V approx = Optimized Hata Path Loss (dB). It is found that performance of the optimized Hata model is the best as relative error is the lowest compared to other models. Okumura, Cost231 and other Egli model empirical models seem to be overestimating the path loss for suburban environment in Malaysia. The average relative error for Cyberjaya's base stations is around 0.0592% while for Putrajaya is 0.0620%. The result are almost close to each other for this neighboring locations as these two locations are almost similar with terrain profile and environment structure for mobile communication system. The variance are 1.34e-05 for Cyberjaya and 8.12e05 for Putrajaya respectively. The standard deviation values are 0.0034 in Cyberjaya and 0.0090 in Putrajaya respectively. The high variance and standard deviation show that the data distribution is poor compared with lower value. This table shows the analysis for various model results obtained when tested at different locations along with the validation of the optimized mode.
CONCLUSION
In this paper, we have introduced optimized Hata path loss empirical model using proposed least square method. The outdoor measurement have been taken in Cyberjaya, Malaysia in order to make a path loss comparison with the existing models. We found that the performance of the optimized Hata model is the best as relative error is the lowest compared to other mentioned models. The relative error found to be in the range of 0.0592% to 0.0620% for our optimized model. Generally, Cost231 and Egli model perform better than Okumura for suburban area in Malaysia. The optimized model is found suited to the Malaysia suburban area, which can be used to predict the signal strength of mobile phone due to base station. This model is useful for Malaysia telecommunication provider to improve their service for better capacity and better mobile user satisfaction.
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